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ABSTRACT 
D a t a a r e p r e s e n t e d o n t h e p h e n o l o g y o f d r y w e i g h t a l l o c a t i o n o f 
p l a n t t i s s u e t o m a j o r component p a r t s f o r s i x h e r b a c e o u s p e r e n n i a l s , 
i n r e l a t i o n t o a s u c c e s s i o n a l s e q u e n c e . I n d i v i d u a l r e p r o d u c t i v e e f f o r t 
i s shown t o be c o n s t a n t t h r o u g h o u t t h e s u c c e s s i o n R e p r o d u c t i v e e f f o r t 
a t t h e p o p u l a t i o n l e v e l however i s s h o r n t o be h i g h e s t i n an e a r l y 
s u c c e s s i o n a l q u a r r y s i t e a n d l o w e s t i n an u n g r a z e d g r a s s l a n d s i t e . 
P o p u l a t i o n s f r o m t h e s u c c e s s i o n a l l y more advanced s c r u b s i t e g e n e r a l l y 
show a l e v e l o f r e p r o d u c t i v e e f f o r t be tween t h e o t h e r t w o . S i g n i f i c a n t 
i n t r a - s p e c i f i c d i f f e r e n c e s b e t w e e n p o p u l a t i o n s f r o m t h e t h r e e s i t e s 
a r e d e m o n s t r a t e d f o r mean t o t a l p l a n t d r y w e i g h t t t i m e o f a n t h e s i s , 
l e a f a r e a a n d s tem l e n g t h . These a r e i n t e r p r e t e d a s p l a s t i c r e s p o n s e s 
t o e n v i r o n m e n t a l v a r i a b l e s and t h e l e v e l o f c o m p e t i t i o n . L e a f 
p a l a t a b i l i t y e x p e r i m e n t s show t h a t l e a v e s t a k e n f r o m d i f f e r e n t p a r t s 
o f t h e s u c c e s s i o n a r e n o t d i f f e r e n t i n t h e i r p a l a t a b i l i t y t o a 
g e n e r a l i s e d h e r b i v o r e . 
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1 . INTRODUCTION 
The c o n c e p t t h a t o r g a n i s m s may a d o p t f u n d a m e n t a l l y d i f f e r e n t s t r a t e g i e s 
f o r s u r v i v a l and r e p r o d u c t i o n i n a r e s o u r c e - l i m i t e d e n v i r o n m e n t was 
s u g g e s t e d by M a c A r t h u r and W i l s o n ( 1 9 6 7 ) . A t one end o f t h e s p e c t r u m 
where t h e e n v i r o n m e n t i s i n h e r e n t l y u n s t a b l e and c h a n g i n g , g e n o t y p e s , 
and u l t i m a t e l y s p e c i e s w i l l be s e l e c t e d t h a t can a t t a i n a m a x i m a l 
p o p u l a t i o n g r o w t h r a t e and s t a r t t o r e p r o d u c e a t an e a r l y a g e . A t t h e 
o t h e r e x t r e m e , where t h e e n v i r o n m e n t i s s t a b l e and t h e p o p u l a t i o n s i z e 
i s c l o s e t o t h e c a r r y i n g c a p a c i t y , t h e r e w i l l be s t r o n g s e l e c t i o n f o r 
g e n o t y p e s t h a t have a g r e a t e r c o m p e t i t i v e a b i l i t y , l a r g e r body s i a e , 
d e l a y e d r e p r o d u c t i o n a n d f e w e r , l a r g e r p r o g e n y 0 
These two o p p o s i n g f o r c e s were l a b e l l e d r - a n d K - s e l e c t i o n 
r e s p e c t i v e l y , a f t e r t h e two p a r a m e t e r s i n t h e l o g i s t i c e q u a t i o n . P i a n k a 
O.970) l i s t s t h e c o r r e l a t e s w i t h t h e s e t y p e s o f s e l e c t i o n , e m p h a s i s i n g 
t h a t t h e two t y p e s r e p r e s e n t t h e o p p o s i t e ends o f a b r o a d c o n t i n u u m , 
w i t h , t h e m a j o r i t y o f s p e c i e s i n t h e n a t u r a l e n v i r o n m e n t b e i n g l o c a t e d 
f a i r l y c e n t r a l l y . 
An a l t e r n a t i v e t o t h e M a c A r t h u r and W i l s o n c o n c e p t ha s been p u t 
f o r w a r d i n t h e f i e l d o f p l a n t e c o l o g y by G r i m e ( 1 9 7 ; + , 1 9 7 7 ) . He s u g g e s t s 
t h a t t h e r e a r e 3 f u n d a m e n t a l d e t e r m i n a n t s o f v e g e t a t i o n : c o m p e t i t i o n , 
s t r e s s and d i s t u r b a n c e . Each r e p r e s e n t s a s e l e c t i v e f o r c e t h a t i n v o k e s 
a d i s t i n c t s t r a t e g y o n t h e p a r t o f t h e p l a n t : t h e c o m p e t i t i v e , s t r e s s -
t o l e r a n t and r u d e r a l s t r a t e g i e s . 
F o l l o w i n g t h e many i n t e r e s t i n g q u e s t i o n s r a i s e d b y H a r p e r ( 1 9 6 7 ) , 
s e v e r a l s t u d i e s have been made on t h e r e l a t i v e l e v e l s o f r e s o u r c e s t h a t 
p l a n t s a l l o c a t e t o r e p r o d u c t i o n , , H a r p e r and Ogden ( 1 9 7 0 ) l o o k e d a t 
a l l o c a t i o n be tween t h e m a j o r components o f a p l a n t voider v a r y i n g l e v e l s 
o f s t r e s s . U s i n g S e n e c i o v u l g a r i s , t h e y f o u n d t h a t r e p r o d u c t i v e e f f o r t , 
2 . 
d e f i n e d as ( t o t a l seed p r o d u c t i o n / t o t a l n e t p r o d u c t i o n x 1 0 0 ) was 
m a i n t a i n e d f a i r l y c o n s t a n t ( a r o u n d 2 1 $ ) u n d e r v a r y i n g l e v e l s o f s t r e s s 
and d e s p i t e s e v e n - f o l d d i f f e r e n c e s i n t o t a l p l a n t w e i g h t . Under e x t r e m e 
l e v e l s o f s t r e s s h o w e v e r , i n d u c e d b y s m a l l p o t s i z e , r e p r o d u c t i v e 
e f f o r t was s e v e r e l y c u r t a i l e d and somet imes p r e v e n t e d a l t o g e t h e r (no 
f l o w e r i n g ) . 
Abrahamson a n d G a d g i l ( 1 9 7 3 ) d e m o n s t r a t e d t h e d i f f e r e n t l e v e l s o f 
r e p r o d u c t i v e e f f o r t shown b y f o u r members o f t h e genus S o l i d a g o , o c c u r r i n g 
ixi t h r e e s i t e s f r o m w o o d l a n d t o open d r y s i t e s . They f o u n d t h a t t h e 
g r e a t e r r e p r o d u c t i v e e f f o r t e x h i b i t e d i n t h e more u n s t a b l e e n v i r o n m e n t 
( d r y s i t e ) v?as more p r o n o u n c e d i n c o m p a r i s o n s be tween two d i s t i n c t s p e c i e s 
t h a n w h e r e two f o r m s o f t h e same s p e c i e s were compared . 
E m p i r i c a l e v i d e n c e f o r i n t r a ™ s p e c i f i c v a r i a t i o n i n r e p r o d u c t i v e 
e f f o r t was p r e s e n t e d b y G a d g i l and S o l b r i g ( 1 9 7 2 ) f o r v a r i o u s b i o t y p c s 
o f Taraxacum o f f i c i n a l e o D i s t u r b e d s i t e s were c h a r a c t e r i s e d b y i n d i v i d u a l s 
w i t h h i g h e r seed p r o d u c t i o n and l o w e r c o m p e t i t i v e a b i l i t y . I n t h e i r 
a n a l y s i s o f w h o l e c o m m u n i t i e s , t h e y f o u n d t h a t t h e d i s t u r b e d a n d u n s t a b l e 
h a b i t a t s c o n t a i n e d a l a r g e r p r o p o r t i o n o f t h o s e r T . o f f i c i n a l e b i o t y p e s 
t h a t a l l o c a t e more r e s o u r c e s t o r e p r o d u c t i o n . 
H i c k m a n ( 1 9 7 5 ) f o u n d c o m p l e m e n t a r y e v i d e n c e i n Po lygonum ca scadense . 
A g a i n l o o k i n g a t t h e communi ty as a w h o l e , he showed t h a t g r e a t e s t a l l o c a t i o n 
o f r e s o u r c e s t o r e p r o d u c t i o n i n t h i s s p e c i e s was f o u n d i n h a b i t a t s w i t h 
lev ; s p e c i e s d i v e r s i t y and v e g e t a t i v e c o v e r . H i c k m a n c o n c l u d e s t h a t 
t h e s e d i f f e r e n c e s a r e e n v i r o n m e n t a l l y i n d u c e d and p l a s t i c r a t h e r t h a n 
g e n e t i c a l l y d e t e r m i n e d . 
S e v e r a l o t h e r w o r k e r s have d e m o n s t r a t e d b o t h i n t e r - and i n t r a -
e p e c i f i c v a r i a t i o n i n r e p r o d u c t i v e e f f o r t i n v a r i o u s p l a n t s p e c i e s ; 
S t e r k ( 1 9 7 5 ) i n A n t h y l l i s _ y u l n e r a r i a . G a i n e s e t a l . t ( 1 9 7 ^ ) i n 
3 . 
H e l i a n t h u s sp-po. Van A n d e l a n d V e r a ( 1 9 7 ? ) i n Senec io s y l v a t i c u s and 
Chamaener ion a n g u s t i f o l i u m « Vasek and C l o v i s ( 1 9 7 6 ) i n A r c t o s t a r t i y l o s 
g l a u c a and Ogden ( l 9 7 ' + ) i n T u s s i l a g o f a r f a r a . 
A p o s s i b l e c o r r e l a t e o f t h e ;r»*K s t r a t e g y c o n t i n u u m i s t h e p r o p o r t i o n 
o f r e s o u r c e s ( w h e t h e r c h e m i c a l o r d r y m a t t e r ) t h a t a p l a n t a l l o c a t e s t o 
t h e a v o i d a n c e o r r e p u l s i o n o f h e r b i v o r e s * The t h e o r e t i c a l i m p l i c a t i o n s 
o f t h e t h e o r y a r e t h a t p l a n t s i n s t a b l e h a b i t a t s ( a t t h e K end o f t h e 
s p e c t r u m ) s d e v o t i n g f e w e r r e s o u r c e s t o r e p r o d u c t i o n , w i l l be a b l e t o 
r e - d i r e c t g r e a t e r r e s o u r c e s t o w a r d s t h e p h y s i c a l a v o i d a n c e ( v i a t h o r n s , 
h a i r s e t c ) and c h e m i c a l r e p u l s i o n ( t o x i n s , t a n n i n s e t c . ) o f g r a z i n g 
h e r b i v o r e s and p a r a s i t e s . . T h i s commitment t o d e f e n c e was e s t i m a t e d b y 
C a t e s and O r i a n s ( 1 9 7 5 ) u s i n g s h o r t v t e r m p a l a t a b i l i t y o f l e a v e s t o two 
s l u g s p e c i e s A r i o n a t e r and A g r i p l i m a x c o l u m b i a n u s . T h e i r r e s u l t s 
showed t h a t e a r l y s u c c e s s i o n a n n u a l s , f r o m a v e r y u n s t a b l e h a b i t a t , 
w e r e s i g n i f i c a n t l y more p a l a t a b l e t h a n l a t e s u c c e s s i o n p e r e n n i a l s . 
O t t e ( 1 9 7 5 ) p r o v i d e s c o n f l i c t i n g e v i d e n c e f o r a d i f f e r e n t ecosys tem 
and u s i n g d i f f e r e n t o r g a n i s m s . U s i n g p o l y p h a g o u s g r a s s h o p p e r s ( S c h i s t o c e r c a 
sp jDo) and p l a n t s a l o n g a s u c c e s s i o n i n T e x a s , he f o u n d t h a t e d i b i l i t y o f 
p l a n t s f r o m e a r l y s u c c e s s i o n a l s t a g e s was i n f a c t l e s s t h a n t h a t o f 
l a t e s u c c e s s i o n s p e c i e s o 
G r i m e e t a l . , ( 1 9 6 8 ) l i s t t h e p a l a t a b i l i t y o f 5 2 s p e c i e s o f p l a n t 
t o t h e l a n d - > s n a i l Cepaea n e m o r a l i s o O f t h e l o w p e r c e n t a g e {20%) t h a t 
w e r e p a l a t a b l e t o s n a i l s , a h i g h p r o p o r t i o n o f s p e c i e s were a s s o c i a t e d 
w i t h d i s t u r b e d h a b i t a t s a n d / o r f e r t i l e s o i l s . 
T h i s b r i e f r e v i e w o f t h e l i t e r a t u r e p u b l i s h e d t o d a t e o n r e p r o d u c t i v e 
e f f o r t i n p l a n t s r e v e a l s a number o f g a p s . F i r s t l y , f e w w o r k e r s have 
c o n f i n e d t h e m s e l v e s t o t h e v a r i a t i o n i n r e s o u r c e a l l o c a t i o n w i t h i n 
s p e c i e s , mos t c o n c e n t r a t i n g o n c l o s e l y « r e l a t e d s p e c i e s w i t h i n a s i n g l e 
g e n u s , o r o n t h e p l a n t communi ty as a w h o l e . A l s o , most s t u d i e s have 
i n v o l v e d l o o k i n g a t f u n d a m e n t a l l y d i f f e r e n t h a b i t a t s t h a t r e p r e s e n t 
h i g h l y s t a b l e o r u n s t a b l e e n v i r o n m e n t s . Few s t u d i e s have l o o k e d a t t h e 
changes a l o n g a s u c c e s s i o n a l g r a d i e n t o f u n i f o r m e n v i r o n m e n t a l c o n d i t i o n s , 
where t h e o n l y v a r i a b l e s a r e t i m e a n d t h e s t a g e o f deve lopmen t o f t h e 
p l a n t communi ty . . The r e s u l t a n t i n d u c e d d i f f e r e n c e s i n r e p r o d u c t i v e 
e f f o r t i n a p l a n t s p e c i e s 9 i f a n y , a r e l i k e l y t o be much s m a l l e r . 
S i m i l a r l y most emphas is has been g i v e n t o t h e m o n i t o r i n g o f a l l o c a t i o n 
o f r e s o u r c e s t o r e p r o d u c t i v e v e r s u s n o n - r e p r o d u c t i v e p l a n t s t r u c t u r e s . 
Such an a p p r o a c h may be t o o n a r r o w . I n f o r m a t i o n on a l l m a j o r p l a n t p a r t s , 
o r m o d u l e s j may be n e c e s s a r y t o r e v e a l n o t o n l y wha t p l a n t c h a r a c t e r s 
a r e p l a s t i c , b u t a l s o how d i f f e r e n t a l l o c a t i o n s a r e f a c i l i t a t e d b y changes 
i n t h e d i m e n s i o n s o f t h e p l a n t ' s s u p p o r t i v e and p h o t o s y n t h e t i c s t r u c t u r e s . 
F i n a l l y , no one h a s , a s y e t , p u b l i s h e d any i n v e s t i g a t i o n i n t o t h e i n t r a -
s p e c i f i c v a r i a b i l i t y i n l e a f p a l a t a b i l i t y t o g e n e r a l i s e d h e r b i v o r e s . 
These a s p e c t s o f r e p r o d u c t i v e s t r a t e g i e s i n p l a n t s f o r m t h e b a c k - b o n e 
o f t h i s p a p e r . 
5 . 
2 . THE PAPER 
T h i s p a p e r r e p o r t s o n w o r k c a r r i e d o u t f r o m May t o Augus t 1 9 7 8 
o n t h e p h e n o l o g y o f d r y m a t t e r a l l o c a t i o n t o m a j o r component p a r t s i n 
v a r i o u s s p e c i e s o f l i m e s t o n e g r a s s l a n d p l a n t , i n r e l a t i o n t o a s u c c e s s i o n a l 
s equence . 
S i x common h e r b a c e o u s p e r e n n i a l s p e c i e s w e r e chosen f o r t h e s t u d y . 
The s u c c e s s i o n was s t u d i e d in d e t a i l a t t h r e e s t a g e s o f i t s d e v e l o p m e n t : 
e a r l y c o l o n i s a t i o n on an open q u a r r y s l o p e , u n g r a z e d s p e c i e s - r i c h 
g r a s s l a n d and p a r t l y - c l o s e d - c a n o p y , shaded C r a t a e g u s monogyna s c r u b . 
R e g u l a r r e m o v a l s o f samples o f t h e a b o v e - g r o u n d p a r t s o f t h e s i x 
s p e c i e s w e r e f o l l o w e d b y s e p a r a t i o n i n t o component p a r t s , measurement 
o f component d i m e n s i o n s , d r y i n g and w e i g h i n g . T h i s e n a b l e s an a n a l y s i s 
o f how t h e a l l o c a t i o n t o r e p r o d u c t i v e a n d o t h e r s t r u c t u r e s v a r i e s o v e r 
a g r o w i n g s e a s o n . 
I n a d d i t i o n , c h o i c e f e e d i n g e x p e r i m e n t s s u s i n g l e a f samples f r o m 
d i f f e r e n t s i t e s , we re done w i t h t h e l a n d ~ s n a i l Cepaea n e m o r a l i s . T h i s 
was done t o a s c e r t a i n w h e t h e r i n d i v i d u a l p l a n t s f r o m e a r l y s u c c e s s i o n a l 
s t a g e s were any more ( a s p r e d i c t e d b y t h e Ga tes and O r i a n s t h e o r y } o r 
l e s s p a l a t a b l e t h a n samples o f t h e same s p e c i e s f r o m l a t e s e r a i s t a g e s . 
6 . 
3 . THE SAMPLE SITES 
The t h r e e sample s i t e s were a l l l o c a t e d on t h e m a g n e s i a n l i m e s t o n e 
t h a t o u t c r o p s i n C o u n t y Durham ( F i g u r e l ) „ The g r a s s l a n d a n d s c r u b 
s i t e s v/ere l o c a t e d w i t h i n 2 5 0 m e t r e s o f each o t h e r , . H o w e v e r , t h e 
q u a r r y s i t e i s 7 km a p a r t f r o m t h e s e o t h e r twoo S i n c e t h e y a r e a l l o n 
t h e same s o i l s e r i e s h o w e v e r , t h i s was n o t c o n s i d e r e d a p r o b l e m , f r o m 
t h e p o i n t o f v i e w o f c o m p a r i n g t h e s i t e s o 
The o p e n q u a r r y s i t e was l o c a t e d a t W i n g a t e Q u a r r y , a p p r o x i m a t e l y 
1 3 km SoE„ o f . Durham (NZ 373,37*0 ( F i g u r e 2 ) . The v e g e t a t i o n c o n s i s t s 
o f an open c o l o n i s i n g communi ty c h a r a c t e r i s e d b y S e s l e r i a a l b i c a n s 9 
E p i l o b i u m a n g u s t i f o l i u m and H i e r a c i u m s p p . The samples w e r e t a k e n 
f r o m a 5 0 m e t r e s t r e t c h o f b a n k t h a t had been c r e a t e d by q u a r r y i n g 
e a r t h w o r k s . The b a n k i s s t r a i g h t , J.lvn h i g h a n d f a c e s r o u g h l y S.W. 
Cl^0°V/}, w i t h an a p p r o x i m a t e a v e r a g e s l o p e o f ^ 2 ° . 
The u n g r a z e d - g r a s s l a n d s i t e was l o c a t e d a t T h r i s l i n g t o n P l a n t a t i o n , 
a p p r o x i m a t e l y 1 2 Ian S . S . E . o f Durham (NZ 3 1 9 , 3 2 8 ) ( F i g u r e 3)0 T h i s i s 
l i s t e d as a Grade 1 SSSI i n t h e N a t u r e C o n s e r v a t i o n Review ( N a t u r e 
C o n s e r v a n c y C o u n c i l , 1 9 7 7 ) b e i n g c o n s i d e r e d as t h e b e s t example o f 
M a g n e s i a n L i m e s t o n e g r a s s l a n d , , The g r a s s l a n d i s a s p e c i e s - r i c h S e s l e r i a 
a l b i c a n s t y p e ( S h i m w e l l , 1 9 6 8 ) w i t h c o - d o m i n a n t F e s t u c a o v i n a , s u p p o r t i n g 
a number o f r a r e s p e c i e s s u c h as E p i p a c t i s a t r o r u b e n s « L i n u m a n g l i c u m 
and L i s t e r a o v a t a . Samples w e r e t a k e n f r o m t h e l a r g e s t a r e a o f open 
g r a s s l a n d , on a g e n t l e ( 6 ) s l o p e f a c i n g W,N.Wo ( 7 9 W ) . 
The s c r u b s i t e was a l s o l o c a t e d a t T h r i s l i n g t o n ( F i g u r e 3 ) » 
a p p r o x i m a t e l y 2 5 0 m e t r e s N . W . o f t h e p r e v i o u s s i t e w i t h i n a l a r g e a r e a 
o f w e l l - a d v a n c e d C r a t a e g u s monopyna s c r u b . Rosa p i m p i n e l l i f o l i a . i s a l s o 
r e l a t i v e l y e x t e n s i v e . The f i e l d l a y e r i s d o m i n a t e d b y S e s l e r i a a l b i c a n s 
7 . 
a n d i n c l u d e s some r a r e r s p e c i e s s u c h as L i n u m a n g l i c u m and Anacam-ptis 
p y r a m i d a l i s . The s a m p l i n g s i t e was l o c a t e d on. f l a t g r o u n d , whe re 
C m o n o g y n a p r o d u c e s e x t e n s i v e s h a d e , b u t w i t h s m a l l a r e a s o f open g r o u n d 
i n - b e t w e e n . 
T h r i s l i n g t o n p l a n t a t i o n , encompass ing b o t h t h e g r a s s l a n d and s c r u b 
s i t e s i s s c h e d u l e d f o r . q u a r r y i n g w i t h i n t h e n e x t 5 0 y e a r s o The b a n k 
u s e d f o r s a m p l i n g a t Wi jngate Q u a r r y i s a l s o s c h e d u l e d f o r r e m o v a l and 
l e v e l l i n g w i t h i n t h e n e x t y e a r CDoody, 1 9 7 7 ) . 
8 . 
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ko CHOICE OF PLANT SPECIES 
The choice of plant species was made using a set of c r i t e r i a that 
would enable e f f i c i e n t sampling and analysis of plant material: 
lo The species should be common and widespread i n t h e i r general 
d i s t r i b u t i o n and p a r t i c u l a r l y abundant on the three s i t e s concerned. 
2o The species should be t y p i c a l along the whole length of the succession,. 
j5» In d i v i d u a l plants should be discreet and easily separated from one 
another., They therefore should be neither creeping, (as i n Hieracium 
p i l o s e l l a ) nor rhizomatous :(as with most of the Gramineae)<• 
k* The flowering parts of the plant should be easy to separate from the 
rest of the plant and should be of s u f f i c i e n t size to make i n d i v i d u a l 
weighings significanto 
3' The seeds produced should be of s u f f i c i e n t size to make weighing 
practicable. 
The s i x plant, species chosen were!-
Carex flacca Schreb. "Carnation Grass" 
Centaurea| nigra L 0 "Lesser Knapweed" 
Leontodon hispidus L„ "Rough Hawkbit" 
Plantago lanceolata L D "Ribwort" 
Plantago media L„ "Hoary Plantain" 
Poterium saiif^uisorba L. "Salad Burnet" 
A l l are medium to t a l l herbaceous perennials w i t h r e l a t i v e l y large 
seeds and i n florescences. I n d i v i d u a l plants were, with some care, easily 
distinguishable from each other and therefore extractable« C. f l a c c a t 
C nifira and P.sanpiuisorba were less satisfactory i n t h i s respect since 
apparently separate above-ground parts were often found to be connected 
subterraineouslyo I n such cases, a single above-ground stem was removed 
13. 
as a sub-sample of the whole planto Counting of the number of stems 
enabled the grossing~up of the data a f t e r analysis of component parts. 
A problem concerning the range of the succession was encountered 
i n the p i l o t survey. Representatives of the above species were found 
to be abundant i n many quarry, grassland and scrub s i t e s , but mostly 
absent i n examples of the climax Fagus sylvatica woodland. I n f a c t , 
there was a very sharp discontinuity between scrub and adjoining woodland 
sit e s ^ p a r t i c u l a r l y noticeable at Thrislington) i n terms of the species 
composition of the f i e l d layer. No species were found to be consistently 
represented i n both areas. I t was therefore decided to r e s t r i c t the 
range of the succession studied to a gradient from open, -disturbed 
quarry to well-developed scrub. 
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5. SAMPLING 
Permanent sampling p l o t s were marked out i n each of the three 
sites chosen., These were located c e n t r a l l y i n r e l a t i o n to the extent 
of the selected habitat -(Figures 2 and and marked out with small 
pegs so that the same area was used for successive samples. 
The sizes of the sampling areas were as follows s-
Quarry s i t e 5 x 20 metres 
Grassland s i t e 10 x 20 metres 
Scrub s i t e 10 x 15 metres 
Sampling involved the temporary laying of a.tape to mark the 
four sides of the sampling rectangle. Random points w i t h i n the square 
were located using random number tables (Rohlf and Solcal 1969)0 The 
nearest i n d i v i d u a l of the chosen species to the selected co-ordinate 
was then taken as a single sample. 
Removal of a l l the above«ground parts (including dead plant material-) 
was made by c u t t i n g as near as possible to ground l e v e l . I n d i v i d u a l 
plants were placed i n p l a s t i c bags and s on return to the laboratory, 
stored at Analysis of the component parts was subsequently carried 
out w i t h i n a week of sampling,, 
Sample size was at f i r s t maintained at 20 individual, plants per 
species per s i t e . Due however to the length of time needed to analyse 
the samples, t h i s was l a t e r reduced to 15 individuals per species per 
s i t e . 
21. 
6. FIELD DATA COLLECTION 
Two extra sets of f i e l d data were collected at each s i t e . 
The f i r s t v/as a species l i s t of each of the three s i t e s . Using 
random points w i t h i n the permanent p l o t , a l l species were recorded as 
present or absent w i t h i n 100 quadrats, using a 10cm x 10cm frame. The 
r e l a t i v e abundances of each species, as shown by the number of occurrences, 
are given f o r each s i t e i n Table 1. 
In addition, data was collected on the flowering status of the 
si x species at each s i t e . This was done to supplement the.data collected 
i n the analysis of component parts. For each species, 50 individuals 
were located by taking 50 randomly-directed paces and recording the 
in d i v i d u a l nearest to the f r o n t of the recorder's shoe. Though not as 
s t a t i s t i c a l l y rigorous as the use of random number tables, t h i s method 
i s far quicker and thus widely used i n plant ecology. The flowering 
status of each i n d i v i d u a l was scored using the following code:-
0. No inflorescence at a l l 
1. Bud 
2. "Early flowering 1 1 stage. Flower j u s t opening 
3. " F u l l flowering" stage. 
k. "Late flowering" stage. Petals decaying 
5« Unripe seeds w i t h i n capsule or pappus 
6. Ripe seeds wi t h i n capsule or pappus 
7. Seeds or pappus s t a r t i n g to disperse 
8. A l l seed dispersed. Stalk or flowering head bare. 
22. 
.TABLE 
SPECIES LIST AND ABUNDANCE IN 100 QUADRATS FOR THREE STUDY SITES 
Quarry Site Grassland Site Scrub Site 
Achillea m i l l e f o l i u m 11 k 
Agrimonia eupatoria 9 
Anthriscus s y l v e s t r i s J> 
A n t h y l l i s vulneraria 9 
Astralagus danicus 11 
Campanula r o t u n d i f o l i a 8 11 
Centaurea nigra 9 26 20 
Centaurea scabiosa 13 21 11 
Chamaenerion angustifolium 7 
Cirsium arvense h 
Conopodium majus 6 9 
Crataegus monogyna 7 7 
Crepis c a p i l l a r i s 8 
Dactylorchis f u c h s i i 7 7 6 
Epipactis atrorubens 2 
Euphrasia o f f i c i n a l i s 22 
Fragaria vesca 8 
Galium verum 6 10 
Gentianella amarella 6 7 
Gymnadenia conopsea 6 9 7 
Heliantheinum chamaecistus 21 
Hieracium p i l o s e l l a 19 h 
Hypericum perforatum 7 5 
Ilypochoeris radicata 17 
Leontodon hispidus 16 28 28 
Linura catharticum Ik 22 19 
Iiiiiutn anglicum 5 
L i s t e r a ovata 7 6 
l o t u s corniculatus 10 13 16 
Medicago lupulina 10 7 9 
Orchis niascvila 5 
Plantago lanceolata 11 9 19 
Plantago media 8 16 1.5 
Polygala vulgaris 9 9 
Po t er ium sanguisorba 13 10 18 
Primula v e r i s 6 k 10 
Prunella vulgaris 8 10 
Ranunculus bulbcsus 9 5 5 
ESri.inan.thus minor 11 15 
Rosa p i m p i n e l l i f o I i a 2 
Rubus fruticosus 3 ? 6 
Scabiosa columbaria 9 10 7 
Senecio jacobaea 11 1 
Senecio vulgaris 9 
Silene dioica 3 
Taraxacum o f f i c i n a l e 8 
Thymus drucei 6 5 
Tragopogon pratensis 3 8 
Trifoliura pratenso 15 10 9 
Tussilago f a r f a r a 12 
Viola r i v i n i a n a 
2h, 
Agrostis s t o l o n i f e r a 7 
Agrostis tenuis 1^  10 6 
Anthoxanthum odoratum 13 
Arrhenatherura ela t i u s 6 3 
Bi-achypodium sylvaticum 2 
Briza media 13 17 9 
Cynosurus c r i s t a t u s 13 
Dactylis glomerata 10 8 5 
Deschampsia caespitosa h 
Festuca rubra 21 Jh- 29 
Helictotrichon pratense 2 
Holcus lanatus 6 9 
Koeleria c r i s t a t a 3 
Lolium perenne 5 
Poa pratensis 8 
Ses'leria albicans * 19 1^ 31 
Cai-ex flacca 11 19 • 10 
Luzula campestris 3 
Total number of species 52 ¥t 
Average species density 3° 6? ^»37 
per quadrat 
NOTES: 1c Nomenclature follows Clapham, Tutin and Warburg (1962) 
2 0 Figures refer to the number of occurrences i n 100 quadrats 
of sizes 10 x 10 cm. 
3" * ;Sesleria albicans ~ _S>__ cjusrulea Subsp. calcarea 
25-
7. METHODS AND TECHNIQUES 
A. Analysis of Component Parts 
The bulk of the work i n the laboratory centred around the 
separation o f each plant sampled from the f i e l d into i t s component 
parts. A l i s t of these component parts, or modules (Harper, 1977) 
i s given below: 
Ci) Leaves 
Cii) Dead leaves 
•Ciii) Stems 
Civ) Inflorescences 
Cv). Buds 
( v i ) Shoots 
( v i i ) Seeds 
( v i i i ) Stem leaves (Centaurea nigra only) 
A number of extra measurements were also made to describe the 
physical dimensions of the plant more f u l l y : 
( i ) ! Maximal height 
( i i ) Flowering scale (as described i n Section 6) 
( i i i ) Length of each stem 
( i v ) Length of each shoot 
(v) Diameter of each bud 
( v i ) Maximum diamter or length of each inflorescence 
( v i i ) Length and breadth of each l e a f 
Since i t was not possible to measure lea f area d i r e c t l y , t h i s 
parameter was calculated from empirically-derived equations, r e l a t i n g 
l e a f area to maximum length and maximum width of i n d i v i d u a l leaves. 
Twenty-five randomly selected l e a f samples were collected, for each 
26. 
si te* A f t e r measurement of maximum length ( inc lud ing p e t i o l e ) and 
maximum wid th , the o u t l i n e of each l e a f was traced onto paper and cut 
out . Given the weight and area of a much l a rge r , square piece o f s imi l a r 
paper, the area of each l ea f could be calculated from the weight o f 
i t s paper equivalent -(measured to four decimal p laces) . The regression 
o f l e a f area on l e a f l eng th , width and the cross~product o f length and 
width was calculated f o r four plant species at each o f the three s i t e s . 
The dimensions o f l e a f samples o f Carex f l acca were not s i g n i f i c a n t l y 
d i f f e r e n t between s i tes and were therefore grouped together. 
The problem of leaf~area measurement was exacerbated in. Poterium 
sanguisorba by the occurrence i n t h i s species o f numerous (up to 25) 
l e a f l e t s on each pinnate l e a f '(Figure 9)» Obviously these could not be 
measured i n d i v i d u a l l y f o r each plant sampled, so a s imi la r regression 
to that above was derived f o r the re la t ionsh ip between the length o f the 
pinnate l e a f , the number o f l e a f l e t s and the t o t a l l e a f surface area. 
This was repeated f o r each o f the three s i t e s . 
A f u r t h e r problem was encountered w i t h t r y i n g to determine the 
l e a f dimensions o f the stem-leaves o f Centaurea n i g r a . Near the top 
o f the stem, these are o f t e n too small arid too numerous to measure 
acurately when analysing many samples i n a short time (Figure 5)« I t 
was therefore deemed more sensible to count a l l those leaves less than 
4cm long and use an empir ica l ly-der ived equation ( r e l a t i n g number o f 
side leaves to l e a f area) to calculate t h e i r area. This f i g u r e could 
then be subsequently added to the main-leaf area. 
Once separated in to component pa r t s , the plant mater ia l was placed 
i n numbered envelopes^ thus enabling many samples to be dryed at the 
same t ime . Samples were dr ied at 105°C f o r at leas t 2k hours. A 
Met t le r balance was used to record weights to four decimal places. 
27-
Once recorded, the variables were coded and punched onto computer 
cardsa Subsequent analysis on the NoUoMoA.C. computer used programs 
drawn mostly from " S t a t i s t i c a l Packages f o r the Social Sciences" ! (Nie 
et a l . « 1975) 
B. P a l a t a b i l i t y Experiments 
Tests on the r e l a t i v e p a l a t a b i l i t i e s of plants from d i f f e r e n t 
stages of the succession involved the use o f choice feeding experiments. 
The h e l i c i d land~snail Cetiaea nemoralis L . was used as a generalised 
herbivore-
Co nemoralis has a number of inherent advantages i n a study o f 
t h i s nature. I t i s , f i r s t l y , f a i r l y ubiquitous i n calcareous 
environments and was found i n reasonable numbers i n a l l three o f the 
s i t e s . I t was most numerous at Wingate Quarry. As a herbivore i t has 
been recorded eating a wide va r i e ty o f plant species, 
but has f a i r l y d i s t i n c t food preferences (Grime et, al«,< 1968) 
As an animal f o r use i n the labora tory , i t i s very easy to handle, 
since i t i s very drought res is tant and to le rant o f wide temperature 
f l u c t u a t i o n s . Since i t requires only a very small space i n which to feed, 
i t i s idea l f o r choice experiments invo lv ing several r ep l i ca tes . 
The amount o f plant mater ia l consumed i n 2h hours varies between 10 
and *|0 nig. dry weight :(Grime e t ^ a l . , 1968). This order o f magnitude i s 
s u f f i c i e n t l y large f o r -accurate measurements to be madee 
Grime £ t _ a l . , (1978) found tha t Leontodon hispidus was one o f the 
seven most favoured (out o f 52 possible) food plants f o r C. nemoralis 
i n choice experiments., Using faecal analysis , Williamson (1976) found 
that Lohiggiclus and Poterium sanf^uisorba were the . commonest species 
eaten, accounting, at the time of t h e i r maximum abundance, f o r 21.9$ 
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and 10.$$ respect ively of adult faeces. The r e l a t i v e p a l a t a b i l i t i e s 
° f Car ex f l a c c a t Plantago lanceolata and P. media have been recorded 
as very low (Grime et a l . , 1968 and Williamson 1976). Centaurea n igra 
remains unstudied i n t h i s r e s p e c t ° 
I n view o f previous f ind ings by the above authors, i t was decided 
to r e s t r i c t the choice experiments to Coiiemoralis feeding on Leontodon 
hispidus . 
For ty adult Co_nemoralis were co l lec ted from Wingate Quarry during 
August 1978<> Ind iv idua ls were col lec ted and used i r respec t ive o f t h e i r 
s h e l l banding and background colour., The snai ls were placed i n c i r c u l a r 
glass dishes (diameter 15 cm and v e r t i c a l sides, height 7 cm) w i t h l i d s 
and kept i n the laboratory at an even 20 C„ While capt ive , they were 
fed on f o l i a g e o f Hypochoeris rad ica ta i another favoured food plant 
;(Grime et a l . « 1968). The snai ls were then starved f o r 2k h rs . before 
use i n the choice experiments* 
Each choice experiment involved the presentation o f three l a b e l l e d 
samples o f Leontodoii hispidus l e a f taken from three s i t e s , f o r a per iod 
o f 2k hours. The three leaves used i n each experiment were selected 
f o r roughly s imi l a r size and cut neat ly down the middle o f the cen t ra l 
midribo One h a l f o f each l e a f was used i n the choice experiment i t s e l f ; 
another h a l f was dried at 105° C and weighed. At the end o f the experiment, 
the dry weight o f each h a l f - l e a f remaining was also determined. Malting 
the assumption that both halves of the l e a f are o f equal dimensions and 
weight, i t was thus possible to determine the dry weight o f plant mater ia l 
consumed by the s n a i l from each of the three leaveso This experiment had 
ten rep l ica tes and was repeated on four occasions using d i f f e r e n t 
C. nemoralis indiv iduals* 
From the dry weight f igures f o r each experiment i t was possible to 
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obtain the t o t a l amount o f plant mater ia l eaten and the percentages of 
the t o t a l taken from each l e a f o The basic p a l a t a b i l i t y index used was 
t h e r e f o r e J -
t , T dry weight o f plant mater ia l taken from i n d i v i d u a l l e a f 
i . • JLo — 
t o t a l dry v/eight o f a l l plant mater ia l consumed . 
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.8o RESULTS 
A. Plant Component Parts 
Col lect ions o f the s ix plant species from the three s i t e s were made 
at weekly i n t e rva l s over a period l a s t i n g from 24th May to 9th August 197&* 
Twelve co l l ec t ions were therefore made, each consist ing o f eighteen 
samples ' ( s i x species at three s i t e s } . Each sample i n tu rn contained 
twenty (and l a t e r f i f t e e n ) i n d i v i d u a l p lan t s . 
The data on the weights o f plant component parts Cleaves, stems 
e t c ) co l lec ted f o r each i n d i v i d u a l were converted in to percentages 
o f the t o t a l plant dry weighto The mean percentage al located to each 
component part could then be calculated and p l o t t e d , cumulat ively, f o r 
each weekly sample.. The resul tant patterns o f mean dry weight a l l oca t i on 
f o r the whole o f each sample ( i . e . representing the average f o r the 
en t i re populat ion} are shown i n Figures 10 to 15. 
I t i s immediately apparent that there are f a i r l y major in t ra ' -
spec i f i c d i f ferences i n the pat tern o f dry weight a l l oca t i on when the 
sample i s t rea ted as a s ingle liomogenous population... With the exceptions 
o r '- Car ex f l acca and Centaur ea n igra 1 there are d i s t i n c t d i f ferences i n 
the pat tern of dry weight a l l o c a t i o n between the three si tes* The main 
d i f ferences l i e i n the l e v e l o f maximum reproductive e f f o r t achieved, 
the stage at which i t i s reached and the stage at which the growth o f 
inflorescences s t a r t s . Reproductive e f f o r t i s defined here as the 
percentage dry weight devoted to a l l reproductive organs ( inc lud ing buds, 
inflorescences and seeds). 
The most marked dif ferences i n maximum reproductive e f f o r t are 
shown i n Plantapp laneeolata and Poterium ganpavisorba between the quarry 
and grassland s i t e s . Here the d i f ferences are 12$ and 13/& r espec t ive ly , 
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representing increases of 52% aiicl 56-5$ from the grassland to the quarry 
s i t e . S imi lar d i f ferences are shown i n the times when t h i s stage o f 
peak reproductive e f f o r t i s reached. In t e rva l s o f s i x and three weeks 
respect ively between the quarry and grassland s i tes are shown by the 
above two species. Leontodon hispidus shows a corresponding d i f fe rence 
of f i v e weeks,, Even greater di f ferences between grassland and quarry 
s i t es are shown by the stages when production o f reproductive s t ructures 
f i r s t Btartso 
Table 2 gives a summary o f the d i f ferences between the s i tes i n 
these three respects. The s igni f icance o f the di f ferences between s i t e s 
i n terms of reproductive e f f o r t was tested using chi-square* The 
pa r t i cu l a r samples that gave the maximum population reproductive e f f o r t 
f o r each s i t e (taken from Figures 10 - 15) were used fo r t h i s comparison-, 
Table 3 gives the resu l t s and a summarised ranking of the s i t e s i n terms 
of reproductive effort*. 
Four out of the s i x species C^»^i^r)I!2jiii5.5 ^^-L'^iHSSJk^iS,: P*z~SV.iQLQ 
m ^ Potor iuin sanguiscrba} appeal' to fo l l ow the came r u l e , namely that 
reproductive e f f o r t i s greatest i n the quarry s i t e , while the corresponding 
grassland populations contain plants w i t h the smallest, a l l oca t ion to 
reproductive s t ruc tures . The scrub s i t e shows values between the other 
two sites*-
NC»u,]3: Most variables were recorded on an i n t e r v a l scale (reproductive 
e f f o r t , proport ion o f reproducing ind iv idua l s etc.-} but. the data does 
not meet the normality and homos«edas t i c i ty assumptions o f parametric 
s t a t i s t i c a l t e s t s . The non-parametric t es t s used are taken froir.j and 
fo l l ow the notat ion ox, Siegel (1956). 
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Carex f lacca and Centaurea n igra appear to be exceptions to t h i s 
pa t te rn . The former shows a lack o f s i g n i f i c a n t d i f ferences between the 
three s i t es i n terms o f reproductive e f f o r t o C. n i g r a , though showing a 
s i g n i f i c a n t d i f fe rence between the three s i t es ( i n terms o f reproductive 
e f f o r t ) , shows a d i f f e r e n t order ing . Lowest reproductive e f f o r t i s found 
i n the scrub s i t e , w i t h the grassland population occupying a mid-way 
p o s i t i o n . 
Although s i g n i f i c a n t d i f ferences i n reproductive e f f o r t between 
the three s i t e s have been shown, i t must be appreciated that these 
observations r e f e r to the plant population o f each species, taken as 
a whole. A l l the species studied are perennials and may therefore f lower 
i n some years and remain in a vegetative state i n otherso Completely 
random sampling o f the population means that estimates o f reproductive 
e f f o r t w i l l be biased by inc lus ion o f those ind iv idua l s that do not 
f lower at a l l . Although t h i s i s a good measure of the regenerative 
e f f o r t o f the population as a whole, i t i s very d i f f e r e n t from the 
percentage of resources devoted to production on an i n d i v i d u a l scale. 
Data co l lec ted (from both f i e l d observation and laboratory-analysed 
samples) on f lower ing stage (measured on a 0-8 o rd ina l scale) was used 
to shovr what propor t ion of the plant population ac tua l ly attempts to 
reproduce. The data was divided in to those ind iv idua l s tha t remain 
i n the vegetative state (coded 0) and those that exh ib i t some sort of 
reproductive s t ructure (coded 1 to 8 ) . Histograms f o r each sampling 
stage are shown i n Figure l6„ 
As expected w i t h perennials , a substantia], percentage o f the 
population i n any one year remains i n a vegetative s ta te . There are, 
however, d i f ferences between the s i tes i n terms o f what proport ion 
of the population attempts to f lower . The s ign i f icance o f these d i f fe rence 
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was tested using the Friedman two-way analysis o f variance, the r e su l t s 
o f which are given wi th each graph. The three s i t e s were t reated 
together since the purpose was to demonstrate whether o v e r a l l 
d i f ferences ex i s t . 
The resu l t s o f the tes t show that the percentage o f the population 
that attempts to f lower does vary between the three s i t e s f o r f i v e out 
o f s ix species. The f i v e species that fo l l ow t h i s pat tern a l l show that 
the greatest percentage o f plants i n the vegetative state are found i n 
the grassland hab i t a t . The quarry hab i t a t , at the other extreme, contains 
r e l a t i v e l y few ind iv idua l s that do not attempt to f lower . The scrub 
s i t e , located, i n t h i s respect, between the other two, contains roughly 
equal percentages o f ind iv idua l s from both sub-populations (the f lowersrs 
and non~flowerers). Oarex f l a c c a « the only exception, appears to be 
remarkably consistent i n terras o f resources a l located to reproduction 
general ly , since i t shows no d i f fe rence between s i t e s i n terms o f component 
parts or the percentage tha t produce a f lower ing spikee 
The resu l t s so f a r suggest that d i f f e r e n t i a l reproductive e f f o r t 
between s i t e s at the population l e v e l i s c h i e f l y explained by the 
di f ferences i n the proport ion o f the population that ac tua l ly attempt to 
f lower . Those ind iv idua l s that do produce inflorescences or buds form 
a discrete sub-sample o f the populat ion. 
Treat ing t h i s sub-sample separately, the mean reproductive e f f o r t 
has been p lo t t ed against the mean t o t a l dry weight, f o r each weekly 
sample taken. Approximate boundary l i ne s have been drawn to enclose 
those areas which include means from the same s i t e . (Figure 17). 
The posi t ions of boundaries suggest that mean reproductive e f f o r t 
does not vary between s i t e s . The di f ferences between the three sets 
o f means were tested using the Friedman two way analysis of variance 
(w i th two degrees o f freedom). This showed that the l eve l s o f reproductive 
e f f o r t f o r each species were s t a t i s t i c a l l y the same f o r a l l three 
populations. 
As expected, the t o t a l dry weight means vary betv/een the three s i t e s , 
the s igni f icance o f which was tested using the same s t a t i s t i c as above. 
2 
The %c values and the s ign i f i cance l eve l s f o r both tes t s are given under-
neath each graph. 
S i g n i f i c a n t d i f ferences i n t o t a l dry weight were found f o r a l l 
species except Carex f l a c c a . The order o f increasing plant dry weight 
was the same (grassland-scrub-quarry) f o r four species, Centaurea n igra« 
Leontodon h i sp idus« Plantago media and Poterium sanguisorba. Differences 
between the grassland and scrub s i t e s were less marked than between the 
scrub and quarry siteso Plantago lanceolata showed a d i f f e r e n t ordering 
(grassland-quarry-scrub), which r e f l e c t s a reduced vigour i n the open, 
disturbed quarry h a b i t a t . 
Figures 10-15 (and Table 2 i n summary) show that d i f ferences i n the 
time o f peak f lower ing are o f t e n qui te large between .populations o f the 
same species. Though the o v e r a l l phenology o f f lower ing appears similar-, 
sample pop\ilations from the three s i t es are o f t e n out o f phase w i t h one 
another. I n order to t e s t whether t h i s asynchrony was s i g n i f i c a n t or 
no t , use was made o f data co l lec ted (from both f i e l d observations and 
laboratory-analysed samples) on f lower ing stage, measured on a 0-8 
o r d i n a l scale ( f o r summary see section 6 ) . The means f o r each ,^ib-sample, 
p l o t t e d against time (Figures 1&-23) were compared betv/een s i t e s using 
the Wilcoxon matched-pairs signed-ranks t e s t . 
L . h ispidus , la^ceglata , P.media and P. saryyuisorba. a l l show 
that samples from the quarry s i t e are s i g n i f i c a n t l y advanced, i n terms 
o f the f lower ing cyc le , i n r e l a t i o n to the other two hab i t a t s . A l l 
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four species show s t a t i s t i c a l l y synchronous grassland and scrub populations, 
despite the marginally ea r l i e r f lower ing (one week) o f three scrub 
samples. 0 o f l acca and C n igra are s l i g h t l y d i f f e r e n t i n that they 
indicate tha t a l l three popxilations are i n synchrony i n t h i s respect. 
From the above f i n d i n g s , i t appears that i n d i v i d u a l a l l oca t i on o f 
plant resources to reproductive s tructures does not vary between s i t e s , 
even though the t iming o f the f lower ing cycle in. one s i t e may not be i n 
synchrony w i t h that i n another. The marked dif ferences i n reproductive 
e f f o r t o f the population t reated as a whole appear to be due to varying 
percentages o f the plant population indulging i n flowering. . I t i s thus 
per t inent to inqui re as to what mechanism or fac to rs con t ro l whether, i n 
any one year, an i n d i v i d u a l commits i t s e l f to f lower ing and seed production 
or remains i n a vegetative s ta te . Does an i n d i v i d u a l have to a t t a i n a 
p a r t i c u l a r leaf -weight before i t can attempt to flower? I s the re , i n 
f a c t , a c r i t i c a l threshold (which may vary between environments) below 
which ind iv idua l s w i l l never flower? 
To tes t t h i s hypothesis, i n d i v i d u a l plants from a s ingle sample 
were p l o t t e d on a "percentage reproductive e f f o r t - t o t a l l e a f dry weight" 
graph (Figure 2k). The p a r t i c u l a r sample chosen i n each case was the 
one which gave the maximum population reproductive e f f o r t (taken from 
Figures 10 to 15). The broad scatter o f points i n each case shows tha t 
there i s no re la t ionsh ip between these two variables at an i n d i v i d u a l 
l e v e l . The two subsamples (o f f lower ing and non-f lowering i nd iv idua l s ) 
overlap considerably i n terms o f l e a f dry weighto Regression l i n e s liave 
not been f i t t e d as these would give spurious co r re l a t ions , which would 
not be s i g n i f i c a n t o 
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TABLE 2 
Comparison of s i tes w i t h respect to reproductive e f f o r t . 
Species S i t e Maximum 
reproductive 
e f f o r t 
Carex f l acca Q 
G 
S 
Centaurea n igra Q 
6 
S 
Leonto don 
hispidus 
Plantago 
lanceolata 
Plantago media 
Poterium 
sanguisorba 
Q 
G 
S 
Q 
G 
S 
Q 
G 
S 
Q 
G 
S 
1656 
16J6 
190 
186 
2156 
17S6 
2356 
1156 
21$ 
17# 
10S6 
1356 
236 
1006 
1.656 
Peak reproductive Star t o f 
stage (sample reproductive e f f o r t 
number) (sample number) 
7 
10 
9 
12 
11 
12 
5 
.10 
9 
if 
10 
9 
7 
9 
8 
8 
8 
1 
3 
1 
9 
7 
11 
9 
7 
5 
7 
if 
1 
5 
1 
Note: Q, G, and S r e f e r to quarry, grassland and scrub samples 
55. 
CHI-SQUARE TEST ON DIFFERENCES IN REPRODUCTIVE EFFORT BETWEEN. SITES 
Species Chi-squared value Signif icance l e v e l 
Carex f l acca 16.2 N.S. 
S i t e ranking! Q = G = S 
Centaurea-nigra 46.8 P<0.05 
Si te ranking: Q > G > S 
Leontodon hispidus 68.7 P<0.01 
Si t e rankings Q > S > G 
Plantago lanceolata 49.4 P < 0.0.5 
Si t e ranking: Q > S > G 
Plantago media 51-0 P<0.05 
Si te rankings Q > S > G 
Poteriuin sanguisorba 64.1 • P<0.01 
Si te ranking: Q > S > G 
NOTE: " > " signs denote that the f i r s t s i t e has a greater population 
reproductive e f f o r t than the second s i t e ( a f t e r the "greater-
than" symbol). 
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Bo Leaf Measurevents 
L e a f - a r e a could not be d i r e c t l y measured for every plant analysed 
and therefore had to be c a l c u l a t e d from measurements of maximum length 
and breadth, using empi r ica l ly -der ived equations. These equat ions, 
taken from the regress ion l i n e s of twenty- f ive l e a f samples for each 
spec ies (see sec t ion 7) are given i n Table h. The regress ions of l e a f 
area on the c r o s s product of length and breadth are g iven , s i n c e , in 
each c a s e , they gave better c o r r e l a t i o n c o e f f i c i e n t s than regress ions 
using length or breadth only D Separate equations are given for each 
of the three s i t e s , apart from the case of Carex f lacca« where the 
regress ion l i n e s were almost i d e n t i c a l . The equation for Poterium 
sanguisorba descr ibes the regress ion l i n e of l e a f area on the c r o s s -
prodiict of the length of the pinnate l e a f and the number of l e a f l e t s . . 
Though l e s s d i r e c t , these two measurements s t i l l gave a c o r r e l a t i o n 
c o e f f i c i e n t that was s i g n i f i c a n t at the P<0o0l l eve l . . 
The problem of estimating the t o t a l l e a f area of Centaurea n ig ra 
was complicated by the presence of numerous stem leaves ( e s p e c i a l l y near 
the top of the f lowering stem). Inc luding only those leaves l e s s than 
h cm i n l ength , the regress ion of area 011 number of stem leaves was 
c a l c u l a t e d using a random sample of 25 p l a n t s . The resu l tan t c o r r e l a t i o n 
was s i g n i f i c a n t at the P<0.05 l e v e l . Area of stem leaves was added 
to the area of main leaves to give the t o t a l l e a f area for each p l a n t . 
The phenologies for mean t o t a l l e a f area are presented for the s i x 
spec ies i n F igures 25 - 50„ Th is g ives some i n t e r e s t i n g comparisons 
between spec ies and between h a b i t a t s . 
Carex f l a c c a shows no d i f f e r e n t i a t i o n between s i t e s in terms o f 
l e a f a r e a , a r e s u l t which accords with the f indings in r e l a t i o n to 
reproductive e f f o r t . Furthermore, i t shows very l i t t l e v a r i a t i o n in 
69. 
l e a f area over the whole per iod of study. 
Four o f the remaining species show a pat tern o f d i f f e r e n t i a t i o n 
between the s i t es that d i r e c t l y accords w i t h the measurements o f t o t a l 
dry weight (Figure 1?). This i s tha t the smallest te-tal l e a f area occurs 
i n the grassland, the greatest i n the quarry and a mid-value i n the 
scrub s i te* The species involved are Centaurea n ig r a , Leontodon hispidus , 
Plantago media and Poterium sanguisorba. The exception to t h i s r u l e 
i s P. lanoeolata which records a lower peak l e a f area i n the quarry 
s i t e than would be expected, judged i n comparison w i t h the above four 
epecieso This however accords w i t h the data on t o t a l p lant weight 
(Figure 17D)«> 
The advanced growth season i n the quarry s i t e i s shown i n the l e a f 
area phenologies f o r Leontodon hispidus and Plantago.laneeolata . The 
l e a f area graph s ta r t s to decline Cdue to the death o f i n d i v i d u a l 
leaves) towards the l a t t e r end of the season,. : I n P«> lanceolata t h i s 
i s seen to such an extent that mean l e a f area f o r the quarry p lants 
f i n i shes at a lower l e v e l than that f o r the grassland s i t e . 
The length breadth r a t i o of a l e a f i s a measure o f i t s elongation* 
A mean r a t i o was calculated f o r f i v e species from each Bite. The data 
(Table 3>) were tested using Student's " t " - t e s t which showed tha t 
s i g n i f i c a n t l y larger r a t i o s (i<>e. greater elongation) were found i n the 
scrub populations o f Leontodon hispidus and the two Plantago specieso 
This i s seen as a p l a s t i c response to the higher l eve ls o f shade 
i n t h i s s i t e . 
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TABLE if 
REGRESSION EQUATIONS FOR THE RELATIONSHIP BETWEEN LEAF AREA (rA) 
AMD THE CROSS-PRODUCT OF LEAF LENGTH AND BREADTH (LB) 
Species S i t e Equation Correla t ion S i g n i f i c ; 
c o e f f i c i e n t « l e v e l 
MAIN LEAVES r_ 
Carex f l acca A l l s i t e s A = 0.5ILB + 1.2 0.98 P<0.0C01 
Centaurea n igra Quarry A = O.JfSLB + 3.2 0 .99 P<0.0001 
Grassland A = 0J41LB + 1.5 0.98 P<0.0001 
Scrub A s O.38LB + 2.5 0.9zi- P<0.01 
Leontodon hispidus' Quarry A = O.59LB + l A 0.99 P<0.0001 
Grassland A = 0 o 56LB + 0 o 6 0 .95 P<0.0001 
Scrub A = O.38LB + 2o8 0.98 P<0.0001 
Plantago laneeolata Quarry A + OA O.98 P<0-.01 
Grassland A •- 0 .52LB + 2.8 bo 95 P<0.001 
Scrub A = 0 .37LB + 3 A Oc97 P<0.001 
Plantago media Quarry A = 0 o 6 LB + o„5 0 .99 P<0.0001 
Grassland A = 0„59LB + 0.8 0.99 P<0.0001 
Scrub A = 0.42LB + k.3 0„99 P<0.0001 
Poteriura sanguisorba Quarry A = 0 o17LN + 1.6 0„9if P<0.01 
Grassland. A = 0.22LN + 3-9 0.98 P<0.001 
Scrub A = 0.25LN + 0 .2 O.96 P<0.01 
(Where LN = length o f pinnate l e a f x no. o f l e a f l 
STEM LEAVES 
Centaurea n igra A l l s i t e s A = 1.3N + 0.8 0.87 P<0.05 
(Where N - no 0 o f stem leaves <A cm long) 
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TABLE 5 
LEAF LENGTH : BREADTH RATIOS 
Ratio 
Carex flacca Quarry 36•8 
Grassland ^3«3 
Scrub 51.7 
Centaurea nigra Quarry 6.6 
Grassland 6.7 
Scrub 8.5 
Leontoden hispidus Quarry 1J5O5 
Grassland 11.8 
Scrub 18.2 
Plantago lanceolata Quarry 12„0 
Grassland l f f . l 
Scrub 23.8 
Plantago media Quarry 2.5 
Grassland 2.6 
Scrub k.l 
SIGNIFICANT DIFFERENCES BETWEEN SITES USING STUDENT'S T-TEST 
Species Sites Compared T value Significance l e v e l 
Leontodon hispidus Scrub and Rest 2.98 P< 0.01 
Plantago lanceolata Scrub and Rest 4.12 P<0.001 
Plant ago media Scrub and Rest 3.87 P< 0.001 
NOTES Poterium Kanreuiisorba not included since no measure was made of l e a f 
breadth. 
78. 
C. Stem Measurements 
Data for mean stem heights for each s i t e and species are presented 
i n Figure 31. The d i f f e r e n t i a t i o n between si t e s i s clear f o r a l l species 
apart from Carex flacca. This species shows a very uniform mean stem 
height throughout- The other species appear to follow the same ordering 
i n r e l a t i o n to sit e s - The grassland s i t e contains populations with the 
shortest stems, while the scrub populations represent the opposite 
extreme i n t h i s respect.. Samples from the quarry s i t e show values i n 
between the other ttvo. 
The greater height of stems i n the scrub s i t e i s seen as a response 
to the greater shading effect induced by the Crataegus bushes^ The general 
height of the f i e l d layer i s greater i n t h i s s i t e , showing that i t i s 
a general response" on the part of a l l the herbaceous species to increased 
shadeD 
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D. P a l a t a b i l i t y experiments 
The r e s u l t s for the experimental feeding of Cepaea nemoralis on 
Leontadon hispidus are given below 
Site from which leaves 
v/ere collected 
Quarry 
Grassland 
Scrub 
Mean consumption (dry 
weight) per 2h hours, i n 
choice experiments 
2^.1 mg 
23.8 mg 
27.3 mg 
The differences between the three means (averaged from a l l r e p l i c a t e s ) 
were tested using Student's " t " - t e s t . The ' t ' values for comparisons 
of quarry with grassland leaves s grassland with scrub leaves and scrub 
with quarry leaves were 1.08, 1.62 and lJ+7 respectively. None of these 
r e s u l t s were s i g n i f i c a n t at an acceptable l e v e l of p r o b a b i l i t y . I t was 
therefore shown that the i n d i v i d u a l Cepaea did not discriminate between 
leaves taken from d i f f e r e n t parts of the succession. 
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9. DISCUSSION 
The r e s u l t s of t h i s study are best considered at two l e v e l s ; 
reproductive a l l o c a t i o n at an i n d i v i d u a l and population l e v e l . I n t r a -
specific differences i n the proportion of resources that plants allocate 
to reproductive structures, though not evident at the i n d i v i d u a l l e v e l , 
are quite d i s t i n c t at the population l e v e l . 
The data presented here show no differences between individuals 
taken from opposite ends of a succession, i n terms of reproductive 
e f f o r t . This accords with previous work, by Harper and Ogden ( 1 9 7 0 ) 
who found that percentage seed a l l o c a t i o n i n Senecio vulgaris remained 
within f a i r l y narrow l i m i t s ( l 8 - 2 ; - $ ) despite several-fold increases i n 
t o t a l dry weight and subjection to a range of s o i l conditions. Only 
very extreme stress altered t h i s pattern, when individuals f a i l e d to 
flower at a l l . 
These findings suggest that percentage reproductive a l l o c a t i o n i n 
many species i s f a i r l y f i x e d . I n adverse conditions, such as n u t r i e n t 
stress or drought, perennial individuals may simply not attempt to 
flower at a l l . This "all-or-nothing" policy would be t a c t i c a l l y sensible 
for the p l a n t , since an attempt to flower, despite sub-optimal conditions, 
would run the double r i s k of reduced seed v i a b i l i t y and a reduced chance 
of sur v i v a l f o r the parent plant. 
The differences i n reproductive e f f o r t between sites at the 
population l e v e l are c l e a r l y d i r e c t l y correlated with the number of 
individuals that actually flower. The most inherently unstable h a b i t a t , 
the quarry, shows ( f o r four species at l e a s t ) the highest j o i n t ( i . e . 
population) a l l o c a t i o n to reproductive structures. This i s e n t i r e l y 
i n accordance with the MacArthur and Wilson ( l 9 6 7 y concept of r-selection 
being the dominant force i n unstable or ephemeral environments. 
Conventional theory would suggest that the influence of It-selection 
would increase with successions! status, since the environment becomes 
increasingly stable and predictable. The scrub s i t e however appears to 
contain some populations that have a higher c o l l e c t i v e reproductive 
e f f o r t than corresponding populations i n the grassland s i t e , the l a t t e r 
being successionally less advanced. 
The explanation l i e s i n viewing the three d i f f e r e n t habitats i n 
terms of the l e v e l of both i n t e r - and i n t r a - specific competition. The 
quarry s i t e represents a r e l a t i v e l y open environment where the plant 
cover i s less dense. As such, the s i t e presents a greater freedom from 
competition and therefore a greater a v a i l a b i l i t y of resources to each 
plant- This means f i r s t l y that plants can a t t a i n a size that i s 
compatible w i t h viable seed-production and secondly that the seedling 
offspring have a greater chance of establishment and survival i n th& 
future as seeds rather than vegetative propagules. 
The grassland habitat represents the opposite end ox the spectrum, 
where, with a much higher plant density s competition for available 
resources i s very f i e r c e . Many individuals w i l l b« crowded out before 
getting a chance to flower and w i l l therefore r a r e l y experience condition, 
of s u f f i c i e n t l y abundant resources to tr i g g e r o f f the mechanism that 
i n i t i a t e s the.production of flowering stems. I n addition, f o r those 
individuals that do manage to flower, the chances of of f s p r i n g seedling 
establishment are severely reduced by the dense herbaceous cover,, 
Tamm (1972) found, i n permanent pl o t s of perennial herbs under 
competitive conditions, that the seedling population, though reasonably 
large, had a very low chance of s u r v i v a l . Grime ( 1 9 7 7 ) l i s t s low seed 
production as part of the general competitive strategy i n highly competix. 
habitats. Thus the population as a whole devotee a greater proportion 
of the available energy to the growth of persistent vegetative organs,} 
thus conferring advantages i n a crowded, competitive environment (Harper 
and White, 1971-). 
The patterns observed i n the scrub s i t s are less easily explained* 
The b i o t i c l i m i t i n g factors make t h i s habitat a reasonably stressed one 
for herbaceous perennials. The occurrence of Crataegus..monagryna 
introduces shadev and possibly also drought (through competition fore-
water), as p o t e n t i a l l y severe stress factors. Stress-tolerant plants 
however arc usually shy flowerers !(Grime 19775* I t seems more l i k e l y 
that the s l i g h t l y lower l e v e l of competition, aidi? • more frequent 
flower rag. 
The reduced competition i n the scrub community may be due to 
several factors. Table 1 shows a decline i n the nunber of grass species 
a.nd a reduced abundance of the two dominants- SeKl^erj-a^albicans and 
^S^XiS&JO-iS&Q' M^"- may w e l l be due to the d i f f e r e n t i a l adapt iver.ess 
of grasses (as opposed to forbs) to Increased l e v e l s of shade and l e a f 
l i t t e r deposition by C* Mjnoffi;na. Sydes (,±97$) has shovm v e r y 
convincingly that Pca> t r i v i a l i s and many other grass species are adversely 
affected by the amount of accumulated tree l i t t e r . Total surface area 
of l i t t e r was shovm to be more important than weight.; which suggests 
that the i n h i b i t o r y a f f e c t operates through shading. Competition from 
grasses may be more important to the perennial forbs than competition 
from species of similar morphology, through the effects of shading at 
the f i e l d layer l e v e l . I n short.; shading and l i t t e r deposition from the 
Crjataafius bushes may a f f e c t the r e l a t i v e abundance of grass species, 
which i n t u r n have the greatest shading effect on the forbs. 
Thus i t appears that populations from the quarry behave more l i k e 
annuals, attempting to produce seed f a i r l y frequently. The grassland 
86. 
populations however behave more as true perennials, with less frequent 
flowering and, possibly longer i n d i v i d u a l l i f e . 
I t i s clear therefore that the decision whether to flov/er or not 
i s c r u c i a l to the ultimate reproductive e f f o r t of the population. I t 
has been shewn that t o t a l weight of leaves (Figure 2k) does not bear 
any obvious r e l a t i o n to whether individuals flower. This i s presumably 
therefore also true for l e a f area. I t i s possible however that t h i s 
r e s u l t overlooks the fact that d i f f e r e n t component parts may compete 
for the same fixed supply of resources. Thus, growth i n one compartment 
or module (such as inflorescence stems) may be at the expense of others 
(such as leaves). This i s c l e a r l y shown i n the percentage a l l o c a t i o n 
diagrams f o r lienecio vulgaris given by Harper and Ogden ( l 9 ? 0 ) for 
Tussilago f a r f a r a (Ogden 197'+3 and for Chrysanthemum sepetum '(Howarth 
and Williams 1 9 7 2 ) , where the s t a r t of a l l o c a t i o n to flowers and 
receptacles coincides with a dramatic reduction i n the percentage dry 
weight of leaves. Leaf area* number and dry weight may therefore 
a c t u a l l y decrease to allow for growth of reproductive organs. The 
overlap of l e a f dry weight for flowering and non-flowering in d i v i d u a l s 
(Figure 2k)' may therefore not be altogether surprising. I t seems 
l i k e l y that the c r i t i c a l turning point between flowering and non-flowering 
i s induced by the competitive effects of other plants. There may be a 
p a r t i c u l a r nutrient which controls t h i s , which i s i n short supply i n 
the grassland, but which becomes abundant ( r e l a t i v e to the number of 
individuals') i n the less competitive s i t e . 
The hypothesis i s therefore that competition suppresses flowering, 
since dense vegetation causes a greatly reduced chance of seedling 
establishment and success. The removal of competition i n more open 
habitats allowts a greater t o t a l size to be attained as w e l l as more 
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frequent attempts to flower and produce seed. 
The clear demonstration of i n t e r - s i t e differences i n time of 
anthesis beg the question whether t h i s i s genetic or merely a p l a s t i c 
response to environmental conditions.. Clearly the answer to t h i s can. 
only be established by growing seed, collected from d i f f e r e n t s i t e s , 
under constant environmental conditions and observing what differences 
persisto 
The l i k e l i h o o d of these differences being genetically f i x e d i s 
small,due to both the physical and temporal proximity of the three s i t e s . 
The grassland and scrub s i t e s are adjacent to one another so that there 
i s probably s i g n i f i c a n t gene flow and t o t a l mixing of genotypcra. 
S i m i l a r l y , the quarry s i t e i s not s u f f i c i e n t l y long established to contain 
a s i g n i f i c a n t l y d i f f e r e n t gene population from the o r i g i n a l grassland 
that existed before the quarry was created. 
Tirne of anthesis therefore seems to be i n response t o environ™, c u t a l 
conditions. I n the quarry, the relevant l i m i t i n g factor i s probably 
summer drought, which forces individuals to complete as much of t h e i r 
flowering cycle as possible before the f u l l impact i s made. I n the 
grassland population, the main l i m i t i n g factor i s not environmental but 
b i o t i c « namely the effect of competition from other i n d i v i d u a l s . These 
two l i m i t i n g factors can be regarded as operating i n density-independant 
and density-dependant ways respectively, the former operating at an 
ea r l i e r stage i n the flowering season,, 
This accords with the findings of Law et a l o , : ( 1 9 7 ? ) who compared 
populations of Poa annua, experiencing predominantly density-dependant 
and density-independant regulation. They found that the two showed 
characteristic l i f e - h i s t o r y differences that were genetic. Selection 
under density-independant regulation produced individuals that had a 
88. 
shorter pre-productive period, a higher seed output e a r l i e r i n l i f e 
and shorter l i v e s i n general. 
The time of anthesis f o r the scrub s i t e can be viewed as a mid-
stage between these two. The density-dependant competitive effect i s 
not as pronounced as i n the grassland population. I t i s possible that 
the s l i g h t l y e a r l i e r flowering i s also due to the effects of shade 
l a t e r on i n the season, wi t h the gradual extension of the Crataegus 
canopy and the increased density of the f i e l d layer. 
The v a r i a t i o n i n t o t a l plant weight, stem height, l e a f area and the 
l e a f length : breadth r a t i o between s i t e s are a l l environmentally 
induced. The f i r s t three would be i n response to available nutrient 
and water resources, the four t h a response to shading in. the scrub. 
The elongation of leaves serves to enable the plant's photosynthetic 
apparatus to a t t a i n a greater height and therefore compete more 
e f f e c t i v e l y f o r l i g h t . 
Responses to density i n the form of dry weight of plant parts has 
been well documented i n the l i t e r a t u r e :(Palmblad I 9 6 8 5 Harper 197?0s 
as have l e a f area responses to shade ;(Grime, 1 9 7 7 ) . I n t h i s case, 
a l l are most probably p l a s t i c rather than genetic responses. 
The conclusions to be drawn from the data on p a l a t a b i l i t y of 
Leontodon leaves to Cepaea nemoralis are necessarily very t e n t a t i v e . 
Two arguments can be distinguished. The f i r s t takes the data at face 
value and concludes that plants from d i f f e r e n t parts of a succession 
do not d i f f e r i n t h e i r a l l o c a t i o n of resources to herbivore avoidance 
(or repulsion). The second argument notes that Cenaea nemoralis i s a 
very generalised herbivore, having been reported to accept a wide v a r i t y 
of food-plant speci.es (Grime et a l . , I968; Williamson 1976). I t i s 
thus, possible that r e l a t i v e l y small differences i n p a l a t a b i l i t y between 
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leaves taken from d i f f e r e n t s i t e s may be ignored by Cepaea« while being 
quite s i g n i f i c a n t for other more important herbivores, such as the 
Lepidoptera and Hemiptera. 
There are several, stumbling blocks i n drawing conclusions from a 
study of t h i s kind. F i r s t l y the range of the succession may be regarded 
as too narrow. The environmental conditions are a l l f a i r l y s i milar •-
climate, s o i l series, geology. The only differences are i n the 
percentage ground cover, the species density and composition and the 
degree of shade and drought. Arguably these differences are not 
s u f f i c i e n t l y great to induce s i g n i f i c a n t changes i n plant response. The 
studies' by Abrahamson and Gadgil (1975) included s i t e s from a very wide 
range of environmental conditions, from a dry, disturbed s i t e to a hard-
wood community. I t i s possible that a greater range of environmental 
conditions for t h i s study, as well as greater geographical separation 
:Cto eliminate gene flow) ; would provide some d i f f e r e n t i a t i o n i n terms of 
in d i v i d u a l reproductive e f f o r t . 
I t i s generally accepted that perennials, having the choice between 
seed production or vegetative Cclonal}' reproduction, w i l l use the former 
i n unstable habitats that experience density-independant population 
regulation and the l a t t e r i n crowded environments, where competitive 
a b i l i t y and size are c r u c i a l CHarper 1977). Tamm (1972) found that 
Primula veris individuals i n a crowded environment were very long l i v e d , 
flowered very r a r e l y and resorted to the replacement of the few dead 
indivi d u a l s by vegetative propagation. I t i s quite possible that the 
grassland perennial populations studied have a higher rate of clonal 
growth than t h e i r counterparts i n the unstable quarry s i t e , where 
individuals behave more l i k e annuals, producing seed every year. 
A further d i f f i c u l t y concerns the consideration of root biomass. 
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The pract ical d i f f i cu l t i e s involved in accurately measuring this 
component would have been formidable. In common with other workers 
(Abrahamson and Gadgil, 1973; Gadgil and Solbrig, 1972} i t was 
therefore decided to neglect a l l underground plant t issues. 
Much controversy has centred around the choice of plant 
variables to use as measures of "allocation". The whole concept of 
allocation i s rather vague since i t has conotations involving a range 
of resources: energy, major nutrients and time. Harper and Ogden 
(l970) have argued that dry weights of component parts are not 
suff ic ient since they give no indication of the energetic value of each 
component ( i . e . the production cost to the plant}* They have 
therefore determined the average c a l o r i f i c content, of each component 
and used this to correct subsequent measurements of dry weight. This 
s t i l l begs the question as to whether energy allocation i s relevant, 
since in some cases the content of certain c r i t i c a l elements may be of 
paramount importance. 
Hickman and Pitelka -(1975} argue that time-consuming caloriroetry 
i s not necessary to determine energy allocation patterns in plants s 
since, for four ecologically diverse species, there was no significant 
difference between the patterns c f energy allocation based on calories 
and those based on dry weight measurements. I t would appear therefore 
that the findings of this study are legitimate indications of energy 
allocation. 
The f i n a l point concerns the measurement of reproductive effort . 
Certain workers have used seed as the measure of allocation to 
reproduction (Harper and Ogden, 1970? Ogden, 197'+}. This study has used 
the dry weight of a l l reproductive organs s inflorescences, receptacles, 
buds and seeds* This accords with the methods used by Abrahamson and 
Gadgil (1973) and Gadgil and Solbrig (1972}. 
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Two arguments are presented in favour of this approach. F i r s t l y , 
i t i s the simplest and quickest method for an extensive study such as 
this.. Secondly, i t i s a more r e a l i s t i c measure of the reproductive 
potential of a species in a particular site<> Seed weight measures the 
f i n a l reproductive achievement after the effects of stress (shade, density 
etc . ) and disturbance (grazing, seed predation etc . ) have modified the 
patterns of allocation.. Dry weight of the whole reproductive structure 
i s a more accurate estimate of reproductive "intent" or true ef fort , 
before this has been modified by external conditions.. 
The results of this study appear to indicate that individuals within 
a species adopt f a i r l y fixed strategies towards reproductive ef fort , 
in terms of the proportion of resources devoted to flowering and seed 
production0 This i s strategical ly sound for perennial species that 
can delay reproduction and wait, for a season that provides the necessary 
conditions for seed production,, Any other strategy might jeopardise 
the v iab i l i ty of seed produced and/or the survival of the parent plant. 
The differences between populations in terms of,the numbers of 
individuals flowering i s clearly a p last ic response to environmental 
conditions, such as shade and drought, and to the density-dependant 
effects of competition,, 
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10. SUMMARY 
1. The phenology of dry weight allocation of plant t issue to major 
component parts was studied, over a twelve week period in s ix common 
herbaceous perennial species. Samples were taken from three f i e l d 
populations, representing a successional sequence from open quarry, 
through ungrazed grassland, to Crataegus scrutao 
2. Reproductive effort , defined as the percentage allocation of dry 
weight plant tissue to reproductive structures (buds, inflorescences, 
receptacles and seeds) was calculated for each population, arranged 
to include a l l individuals, for each of the sampling periods* The 
different phenologies showed distinct iTtra-specif ic differences in peak 
reproductive effort , for four of the s ix species studied. In thoi-sts 
four species, greatest population reproductive effort was shown in the 
disturbed quarry s i t e , while the grassland populations showed the lowest 
values. The scrub s i te was intermediate between the other two. 
3» Data on the relat ive percentages of flowering ( i . e . showing some 
sort of reproductive structure} and non-flowering individuals in each 
population showed that the non-flowering percentage was very high in 
the grassland populations and correspondingly low in the quarry populations. 
This suggested .that most of the intra-speci f ic variation :Ln population 
reproductive effort was explained by the proportion of individuals 
that actually flower. 
h. Treating the flowering part of the population as a separate sub-
sample, i t was shown that average individual reproductive effort was 
very constant for a l l three s i t e s , even though there were marked 
differences in mean total plant dry weight. 
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3o The data for mean total plant dry weight for the flowering 
sub-sample showed, for most species, lowest values in the grassland, 
increasing, via the scrub s i t e , to highest values in the quarry-
population. 
6 0 Data on the dry weight of leaves in relation to reproductive ef fort , 
for individual plants, showed that there was no precise dividing l ine 
between those individuals that flowered and those that did not. 
7° Data on time of anthesis showed that quarry populations, for f ive 
species,was advanced in relation to the other two s i t e s , sometimes very 
markedly,, Generally, the grassland populations were the las t to flower. 
8. The intra-specif ic differences in leaf-area and stem height generally 
followed the same order § smallest in grassland populations and largest 
in quarry populations. Leaf length : breadth rat ios were found to be 
greater in the scrub populations of three species. 
9o Leaf palatabil i ty experiments using Cspaea nemoralis showed that 
the snai ls did not discriminate between leaves (of the same plant 
species) taken from different parts of the succession.. 
10. I t i s hypothesised that individual perennial plants maintain their 
reproductive effort in any one year ( i f they flower) f a i r l y constant, 
despite changes in the successional status of the habitat. The variation 
between s i tes in the number of individuals that flower, the time of 
antiiesis and the various plant physical dimensions i s seen as a plast ic 
response to environmental conditions and the degree of competition. 
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APPENDIX 
SAMPLING DATES 
Sample Number Date when sample was collected 
1 2^.5„78 
2 31.5.78 
3 7.6.78 
k lif.6.78 
5 21.6.78 
6 2806.78 
7 5-7-78 
8 12.7.78 
9 19.7.78 
10 26.7.78 
11 3-8.78 
12 9.8078 
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